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Clanton. ............ 
6 stations. .......... 
Pond ............... 
4 stat.ions .... 
Lamar, ...... 
E'laiuingo ........... 
Americus.. ......... 
hliluer. ............ 
Lanark ............. 
Taqwka ............. 

mild. The winter wua unusually favorable for the stock interests of 
Wyoming, and in many sections the losses were exceedingly small. An 
ample amount of snow over the western and northern sections of the  

In the following table are given, for the various sections of 
the Climate and Crop Service of the Weather Bureau, the aver- 
age temperature and rainfall, the stations reporting the highest 
and lowest temperatures with dates of occurrence, the stations 
reporting greatest and least monthly precipitation, and other 
data, as indicated by the several headings. 

The mean temperatures for each. section, the highest and 
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State, assures a good water supply for the coming summer in those 
sections. Over the southeastern part the supply of snow was deficient, 
and a shortage of water was anticipated.- W. 6. Palmer. 

lowest temperatures, the average precipitation, and the great- 
est and least monthly amounts are founcl by using all trust- 
worthy records available. 

The mean departures from normal temperature and precipi- 
tation are based only on records from stations that have ten 
or more years of observation. Of course the number of such 
records is smaller than the total number of stations. 
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SPECIAL ARTICLES. 
THE DIMINUTION OF THE INTENSITY OF SOLAR 

RADIATION DURING THE YEARS 1902 AND 
1903 AT WARSAW, POLAND, RUSSIA. 

11) L 4 D I . L 4 *  ( r l l R C l l N \ h I  

[Tranrlated troiu ('smptm Renilus, Pnii?, Frbrnary 1, 19W T ( S S l V I I I .  pp 5 + ? 5 \  I 
In his communication of the 26th of March, 1903, 11. Henri 

Dufonr wTas the first to announce the fact that  the intensity of 
the solar radiation, as received a t  the surface of the earth, hail 
experienced n considerable diminution since the beginning of 
the year 1903.' 

'This fact was also auuouuc-eil intlepeutlently by RIr. H. H. Kiiiiliall, 
as the result of his own oli5er\atious a t  bzheville, N. C., (luring tht, years 

Basing his coiiclurions on the observations that had been 
macle a t  Lausanne and a t  C'larens ' with the C!rova actinometer, 

1908 and l W 3 ,  liut his 1iulilic-atiun of tlir fact waLi delayed a short time. 
See liib note in BIoiithly Weather Ret iew, Mny, 1RU3.  1'. 238, which aiticle 
waz coinmunicated for publication on A ~ J I ~  15, 1!JU3. This fact hac1 also 
b ~ i i  simoltaneoudy oljservecl at Wabhington a t  the Astrophysical OtJ- 
swvatory <if the Sniithwnian Institution. See article Iry Mr. C. C;. Abbot, 
BIontlily Wc.ather Rei iew, Pecenil~er, 1% 13. p. 587. Similar irr~gularities 
had a l ~  been pointed out Iiy Blr. Al)l)ot in the RIouthly Weather Review, 
L41~ri1, 1908, p. 174, as re\ ralt.11 1iy i)lJb(-rvatia)uLi at lIont1vellier, France.- 
ED. 

On the ucirthpaht shore of Lake Geuera, '3U niiles east-southeaht of 
Laustime. 

~ _ _  ~- ~ - - _ _ _ _ _ _ _  



112 MONTHLY WEATHER REVIEW. MARCH, 1904 

l?OZ 
11111iiis 
19u1. 
__-- 
-0.05 
-0. 09 
if1.15 
-0.06 
-0.19 
-0. IO 
-0. I? 
4 . 2 2  
4 . 0 6  
4 . 1 9  
-n.no 
-0.31 

Dufour finds that the diminution of intensity began in Decem- 
ber, 1902, that  it increased up  to  March, 1903, and then gradu- 
ally diminished. 

The existence of an unusual atmospheric opacity for several 
months is also confirmed by the measurements made by A. 
Gocke13 (Met. Zeit., 1903,p. 328) and also by the observations 
of Mas. Wolf‘ a t  Heidelberg (Vierteljahrschrift cl. Astron. 
Gesellschaft, Yeas 38, part  2). Finally, the diminution of the 
transparency of the layers of ais is also confirmed by S. P. 
Langley a t  Washington (Nature, LSIS, 1). 5, November 5, 
1903). 

The diminution of intensity of solar radiation as measured 
a t  the surface of the globe has also been confirmed a t  Warsaw, 
where systematic observations have been iuade since Deoein- 
ber, 1900, with an actinometer of the dngstriiiii-C‘liwolson 
pattern. The result of these measurements, undertaken for 
the purpose of studying and explaining the annual variations 
of insolation, have been pblishecl, in SO far as coiicerns tlie 
years 1901 and 1903, in the “Etudes sur la iiiarche annuelle de 
l’insolation ’’ (Bulletin Internat. cle 1’Acad. des Sciences de 
Cracorie, p. 465-503, July, 1903). I n  this present communi- 
cation, I will cite only those numbers for the years l!Wl, 1902, 
and 1903 that serve to clernonstrate the fact of tlie diminution 
of intensity with which we are a t  present concerned. 

I present in Table 1 the monthly means of the intensity n t  
Warsaw, espressed in gram calories per square centimeter 
per minute, accomlianied by the corresponding monthly values 
of the absolute humidity. With these means is given also, in 
Table 2, the maximum values of the intensity of tlie raclintioii 
(reduced to the average altitude of the sun a t  Warsaw a t  the 
middle of each month) for each consecutire month during 
the period 1901-1908. inclnsive. The last three columns of 
Tables 1 and 2 indicate the differences between preceding and 
following years, e. g., 1902 minus 1901 ai111 1903 ininus 1902; 
these differences are recluced to a coiunioii absol lite humidity 
by the use of the coefhient of reduction to a standard hu- 
midity, nnniely. 1 = 0.02. 
TABLE l.-Arercigc iiwolatioii und cibnoliite hio/iiditg ob.wri-etl at TFtirnniiT. 

1903 1?)(13 
niiuiib i i i i i i i iy  
lW?. I‘JOI. 

__ 
-0.16 -0.21 
-0. 34 -fJ.-13 
4 . 3 5  4 . l i  
-0. 3’2 -0.3s 
--0.19 -0.3s 
-0.U6 -0.16 
--0.10 4 1 . 2 2  
- 0.06 -1J.28 
4 . ? 0  4 . 2 6  
t 0 . 0 3  -0.16 * * 
4 . W  4 . 3 3  

,.- 
.1. I 

-1.7 

, . I  
R. 2 

, . s  
5.u 
4. 1 
3.0 

?. 5 

12.4 

3. 7 
2 .3  
5 . 3  
5. i 
7.9 

13. 2 
11.3 
12.4 
9.5 
8. lj 
3. 7 
5. G 

I. MI 
1.47 
1. :;? 
1.34 
1.3i  
1 .29  
1.3!1 
1. 1!1 
1. 0:: 
o.s.-< 

Tear ....._...I 1.2:) I R. 5 

Se1,triiilBer.. . . 
I h.t<blwr 
N a > v e i ~ ~ I > e r . .  . . 
I lcrrll l l , lT ..... 

. . . . . . 

-I- 

I .  Xi 
I .  36 
1. 15 
1 .  1:: 

0.95 
1.16 
1 .  :i:3 
1. 36 
1 26 
1.  ”2 
I .  24 
1. 19 
1.24 
I.O!l 
O.!J6 
0. i ‘ J  

0. so 1 3. o 1 -n. os 
u. 92 3.9 -(1.11 
1. 03 5. 9 - 1  11. 015 
1. 11 I 5. ci  ~ -11. u1 

4. I 
3 . 3  
4. x 
4. :: 
6.2’ 
7. 1 
h. d 
2.IJ 
,.x 
4 . 2  
3 . 0  
1.:) 

I .  n3 I i. 1 - ir. is 
1. ?I Y. - -11.21; 

February , . . . . 
Aliril .. . . .. . . . 
JUOP... ...... . 
July ......._. . 
A u g u s t  . . , . . . . 
Septenihrr . . . . 
Ortvllrr.. .. .. . 
Na~veinlwr . . . . 
Irevelulwr . . . . 

nfnr,.h _ _ _  _ .  _ .  . 

May ... _ .  .. .. . 

1. 29 

I .  41) 
1,:;s 
1.:31; 
1.31; 
1 . 5  
1. :1? 
I .  “3 
1. 13 
1. IJ9 

1.25 

--(I. 15 
+I!. fJ3 

-0.  u i  
--o.Iln 
--0. 1:; 
-0. fJ2 

-u. (1s 
* 

From the examination of these tables i t  results that  a very 
considerable diminution in insolation began a t  Warsaw in the 
month of May, 1902 (consequently earlier thnn December, 
1902), and persisted month l ~ y  nioiitli during this year and the 
following, attaining a masiinuiu diminution in the sliriug of 
1903. Toward the end of this latter year, tlie process of ditui- 
nution, compared with the fignres for 1902, seeiiis to have 
stopped, bu t  the absolute d u e s  continue to be lorn compared 
with those of 1901. The cause of the increase in the opacity 
of the atmosphere for solar radiation is not as yet clear. 
Dufour correlates this fact with the recent eruption at  Marti- 
nique, hit the extraordinary dust showers that have iuaiiy 
times visited Europe during these three years also suggest 

SSee reprint at end of this aitic.le.-Eu. * It k l .  
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* 

themselves as a possible cause. However, these can only at 
present be suppositions whose correctness can not yet be 
demonstrated, because of the want of more complete and posi- 
tive data. 

TABLE 2.--dIwiinum insolalion obeewed at Waraaia, mal accompanying 

1.12 
1.08 

1.u1 

0. 71 

i . n i  

* 

trbeoliite hunt idity 
_ ~ _ _ _ _  

1Y03. 

10.5 1 4 . 7 9  
I?. 1 -1). 15 
!I. 1 -0 .12  
7 . 2  -0. 23 * -0.1s 
2.1 -O..Si 

.l:llllllLr~ . . . . . .! 1.06 
Frlnriinry . . . . . 
fiInrt.h . . . . . . . . I  1. 41 

1. ?h 
A l r i l  .. .. . _ _ .  . 
11:Iy ..... . .  .. . 
. l r l l l r  ..... .. .. . 

1.50 
1.51 
1.41; 

5.0 
2. 1; 
1 . 7  
3. 4 
4.  :i 
7.9 
6. 2 
6.5 
4.0 
4 .2  
1.7 
2’. 6 

IO. R‘J 
11. !I6 
1.1)s 
I .  11 
1. 12 
1.25 
1 . 2  
1.09 
1. 1.; 
1.18 

0. so 

1 .  r, 
2. 6 
5. 1 
5. 6 
4 .4  
!I. G 
8.8 

12. 9 
7. 1 
h. 7 * 
3. 3 

Di fl’ereuces. 

1 I 
+ I ) n r i i ~ p  tllr n i g ~ i l t h  01‘ h’q~\ril l lwr, I%)>, there W R S  uot R h g l e  d.q at I\ arsaw cleareu,,~igh 

t v  peiiiiit dl tiu(unefi 1 8  irienculwwut-. 

The foll~nviiig additional observations on this subject are 

In the iUeteorologisc.1ie Zeitung, July, 1903, rol. 30, 1). 328, 
added for the information of the reader.-ED. 

Dr. A. Cfocliel, of Freiburg, in Switzerland, says: 

Tlie astrophysical division of the splenilicl observatory of tlie 
Grand Duke of Baden, located a t  Heidelberg, is under the 
direc*tion of Prof. Max. Wolf, and is located on the summit of 
Iil migstuhl a short distance from the famous university. Tlie 
a~tronoruical section of the observatory, o r  the “ astrometrische 
dil ision,” as i t  is more specifically called, is under the direction 
of Prof. W. Valentine. I n  the latter section, everything bear- 
ing on the ineasureriient of the positions of the stars is elah- 
orntely obserrecl; this includes the changes in the ground 
proJuced by earthquakes and tlie changes in latitude due to 
the movements of the earth’s axis. I n  the astrophybical sec- 
tion, under Profeshor Wolf, the complete meteorological record 
is maintained; photographs of the sky are niade e\ery clear 
iiight; the traiihparency of the atmosphere, the radiation froln 
the sun, the study of the planets by photography, spectros- 
copy, and photoiiietry, the observations of nebula-, and fixed 
stars, in fact whatever bears on the nature of the celestial 
bodies me all carefully recorded. I n  the course of his annual 
report on these nat ters  for  the year 1902 Professor Wolf says 
(Vierteljalirssohrift A.strononiische Gesellschaft, 1903, 38 Jahr- 

Thr mnst iiitrrrhting nietc.nrologic.nl +>vent IlurinF! l O O d  wa-: the unes- 
1Jt.c’tPil splentlirr of tlir twilight phencmrua, which attained nearly the 
sanit? clr\elopnicnt aL: in the year 1bn-l. The firbt purple twilight Wilh ob- 
wrvcil 11y us on tlir 17th of dune. Tlie phenomelta followeil the same 
order as drsciibed in such a niasterly iii~uiier by von Bezold. After the 
17th I ) f  ,June, the complete succes4in of  phenomrna was observed nn 
e\ ery 1-lear e\ euiug runtil July 6; after that date only the ruby recl color 

e r ~ e d ,  bu t  niuvli higlitrr than in othc-r years. The two 
niitl the Iiurlilc 1.1)uiitcr-twilifilit ghrw t’re bebt dt.velopcd 

on t h e ,  2l;th of *June. On the 24th of July, tlirre I~rfan a second feebler 
development of the purple light, which lasted the W h J h 3  year through, 

gang, 1’. 117): 
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Julie 1-5 . . . . . . . . . .  
Juuc ti-1U ......... 
Juue 11-13 ........ 
June 1f-20 ........ 
J U U Z  21-25 . . . . . . . .  

4!1.9 
39.3 
39.1 
40.0 
41.2 

n r n r  26-31.. ....... 45. s 

41i 4 ’ I  Juue 26-;0 

From these figures it would seem prnliablr that the 01 
to the dust occulred nver this t)hqervatc)ry alJOll t  (11’ lief4 
June, which correqponds to t i  I elivity o f  fi\ e weeks instrwl o f  the h i \  
weeks above given. 

During the whole of the s~con t l  half of  the year the astrouonlical trains- 
parency of the atmosphere waq mnch less than urui~l.  

One must be very careful not to inisinterpret tlie readings 
of tlie Arago-Dary actinometer. The correct theory of the 
action of this instrument was first given 1)y Prof. Williniu 
Ferrel in his menioir on the temperatnre of the Rtiiiospliere 
and earth’s surface, 1111. 3-4s. ‘6 Professiolinl papers of the Six- 
nal Service, No. 1111, lT’n&ington. 1884.” See nlso Ferrel’s 
“ Recent advaiices;” a150 Prof. Winslo\v Upton’s report on the 
actinometric observatious iii:ttle during the United States 
Eclipse Expedition to the Caroline Islands. dccorcling to 
Ferrel the insolation must, not  1)e measured b> the mere r e d -  
ing of the maximimi thermoiiieter, bu t  depencls upon both this 
and the difference between the bright and black bulb, and 
must be computed by the forniula 

iii which he assumes that the two coiijugnte thermometers have 
spherical bii1l)s. p1 is tlie relative a1Jsorling power of the 
bright bulb ab compared with the black bulb, nucl must be 
determined for each instriiiiient. / I  is the teiiiperature of tlie 
black bulb, is the temperature of the bright bulb, ,v is the 
constant, 1.0077, as cleterniinecl 1,s Dulong ancl Petit. Tlie 
following table, quoted froin Ferrel, illustrates the working 
of this formula: 

T’cdiws i!f 1 for tliffvrent ~ w l ~ s  of u/id H,. 

0 c 
-111 

0 
+10 

20 
31) 

e -e,. 
~ 

_____ 

400 c: 
~ 

1. 525 
I .  1x6 
1. i i s  
I. 9‘0 
2.073 

_____ 
En 

ORIGIN OF AMERICAN COLD WAVES 
In a letter of January 2G to Prof. R. F. Stupart. the Editor 

I have just read an old excerpt from the C’cmr cl’8lene Sun. 
We have taken careful note of the clevelopnieiit of these cold waves in 

the Elondike, and it usually takes three weeks for them to travel dol\ n 
to the weather stations a t  Edmonton, Qu’Appellr, anti Havre. 

said: 

16-3 

I myself suppose that  the cold of cold waves is clue entirely to 
the radiation of heat from the lower strata of the atmosphere 
to  ground and to the clear sky overhead, as explained in my 
article on “Atmospheric radiation and its importance in niete- 
orology,” published in tlie American Journal of Science in 
1892, and reprinted in the American Meteorological Journal, 
rol. 8, p. 537. I suppose, therefore, that :t cold waye may 
originate anywhere along tlie western slope of the Rocky 
Mountains, and its colcluess when it reaches Montana woulcl 
depeiicl on the slowness with which it hss moved southward, 
so that  it inny possibly be true that  the ver) coldest tempera- 
tures come with cold waves that  l l i ~ ~ e  taken three weeks to  
more from the Iilondike southward. I am rather inclined to 
doul)t whether any of our cold waves, a t  least those worthy 
tlie iiaiue, orifiinate north of British America, but tlint they 
all begin x i th  the clear air that flows m e r  the northern part 
of the Rocky RIountain range. 

Uncler date of February 9, 1904, Professor St,upart replied 

I ani stunlying the question. nsiug the clntn from Dawson. Fort. Gootl 
n. Faur t Cli ti rch il I Ilorli Fa#? tory, Ei I11101l tu 11: anil Winni- 
titlie I sliall Iiinlie t t i  s ~ n d  you sonietliing ftirtlier. I iini 
hat t h e  Ceriir (l’rllene Si in is astray in supl)osing that it 

as fol1on.s: 

CIU t he  1Tkll. ‘1 

till. \VI%thPl. tllr 

in the far northwest,. vr a t  least tliry have 1.iecome much iuore intense 
as they ap1)rowhed Ontario anil Quebec. 

Wit,li regartl t,o t,lie 1w1d uf cold waves 1:wiuy ent,irely ilur to  the rarlia- 
tion of tirat from the lower strata of itt~tnosphere to  t,lie 1:1ear sky over- 

I can l in t  offer other esplauat,ion. hiit at t,he same time, I iloubt 
er it is tho f u l l  explanation. I s~ i i i e  winters Krent col(l waves 
tt.ntly forin, wliile in other year wit,li Ilnronietric m i l  dour1 con- 
s as far as we can juilge almost i ,iit,ic;d, the resulting cold waves 

I (lo not believe i n  nioon or 1)lanrts liavitig any  n.l)l)recial)le effect on 
are relatively oniiiiporta,nt. 

the terrest.ria1 weat,her. Tlie sun itlolie is tl~i 1.w I 

t,here is now sonie ground for lwlief that the 11liys 
us itiforn~at,ion regardiug solar radiations which 
sonie of the Ilerplesiny problems in ineteorology. 

DESTRUCTIVE STORMS IN KENTUCKY, FEBRUARY 7, 
1904. 

By 1%. D. Hlissei-. Iuspertor. Wmther Uurrnu. 

_ _ _ _ ~  

Very sei-ere clestructire local stornis occurred a t  many places 
in Iieiit,ucky during the early nioriiing hours of  February 7 ,  
1904. 

I n  several localities these storins assumetl the c,hxracteristics 
of a tornado. Occurriiig between 3 am1 5 o’clock in t,he morn- 
ing. when few people were awake, accurate clesc,ript’ion of the 
sky and c~louds are not obtainable, but  ail examination of t,he 
‘effec,ts of these st,orim shows that soiue of thein were tornadoes. 

While the season and time of clay were uot fsrorable to such 
storm&, tlie pressure and t,emperat,ure conclitioiis were fnvora- 
ble. At 7 11. m. of February 6 there was an area of very low 
pressure c,entrnl orer  Illinois, with seconclary disturbances in 
Oklahoma and Colorado. These centers must hare  developed 


